Hydrothermal growth methods allow for low-temperature synthesis of ZnO nanowires (NWs) directly on a variety of novel substrates required for proposed flexible substrate applications such as power-harvesting fabrics [1] . Although hydrothermal growth opens up a new realm of application possibilities, a major drawback of this method is growth time ± up to 20 hours or longer have been reported as necessary to yield desired NW morphologies [2]. The use of microwave heating of the nutrient solution has recently been reported to speed the growth process [3] . Although hydrothermal growth temperature has been reported to be a critical process variable [4], the conventional microwave used previously [3] did not offer a direct method of controlling process temperature. Instead, indirect control of growth temperature was attempted by microwave power level adjustment. Other typical microwaves change power level through variations in duty cycle. In this work, a research grade microwave oven, equipped with integrated temperature control, was used to systematically investigate the impact of growth temperature, growth time, and solution concentration on ZnO NW length, diameter, aspect ratio, growth orientation, density, and wire morphology.
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A 90 nm ZnO seed layer on Si substrates was used to direct the growth of the NWs [5] and was deposited via atomic layer deposition (ALD) using diethyl zinc (DEZ) and H 2 O at 170°C. ZnO NWs were grown using zinc nitrate (Zn(NO 3 ) 2 ) and hexamethylene tetramine (HMT) in aqueous solution [2-4, [6] [7] [8] . The concentration ratio between Zn(NO 3 ) 2 and HMT was held constant at 1:1. Direct control of the process temperature, at set temperatures between 70-100°C, was achieved using a Discover S-Class microwave (CEM Corp.) with integrated infrared temperature control. Plane view and cross sectional scanning electron microscope (SEM) images were used to assess NW morphology.
Shown in Fig. 1 is a plot of NW length vs. growth time for 10 mM and 25 mM solution concentrations at both 70°C and 85°C. For all conditions, average length increases as a function of time with higher temperatures and concentrations favoring longer wires. Fig. 2 shows the relationship between diameter and growth time. The data does not indicate a strong dependence of NW diameter on growth time or on process conditions. It is possible that NW diameter is more strongly influenced by seed layer structure [5, 6, 9] . Representative SEM images associated with the 85°C, 25mM growth conditions, shown in Fig. 3 , indicate uniform growth of NWs with orientation nearly perpendicular to the surface. A plot of growth density vs. time in Fig. 4 shows that density remains roughly constant as a function of time. Although lower temperatures appeared to favor increased density, it is likely that changes in density are dominated by the seed layer effects [5, 6, 9] . Fig. 5 shows an overall increase in aspect ratio (length over diameter) as a function of time. Control of the aspect ratio, which determines the maximum piezoelectricpotential generated from deflection, is especially important for energy harvesting applications [6] .
Using a microwave with infrared temperature control, we demonstrate that ZnO NW growth time can be decreased significantly compared to traditional hydrothermal methods, that growth rate may be easier to control with temperature, rather than microwave power, and that by controlling the growth parameters that we can tailor NW morphology for a given application. Density of growth, even with a different seed layer is comparable to [2, 7, 8] and more dense than those in [4] . Higher density of as-grown wires could help increase efficiency of dye-sensitized cells utilizing nanowires as described in [8] .
